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Drug: dronedarone hydrochloride (Multaq)

Sponsor: Sanofi
Indication: atrial fibrillation or atrial flutter

Reviewing Division: Division of Cardiovascular and Renal Products

Comments: The pharm/tox reviewer and supervisor found the nonclinical information
submitted for dronedarone hydrochloride to be sufficient to support approval for the
indication as proposed above.

Carcinogenicity:
Two year oral gavage carcinogenicity bioassays were conducted with dronedarone
hydrochloride in rats and mice. Histiocytic sarcomas in male mice, mammary
adenocarcinomas in female mice and hemangiomas in male rats were considered to be
drug-related by the executive carcinogenicity assessment committee. The reviewer has
noted that these occurred at doses that produced AUCs that were 5 to 8 times the clinical
AUC at the maximum recommended human dose. As noted by the reviewer, the
mammary tumors may be related to an increase in prolactin. The sponsor provided
studies demonstrating an increase in prolactin in mice at the high dose used in the
carcinogenicity study. It is not clear ifprolactin is elevated in human subjects taking
dronedarone hydrochloride. It is appropriate to describe these tumors in the labeling as
suggested by the reviewer.

Developmental and Reproductive toxicity:
Dronedarone is teratogenic in rats at doses similar to the recommended human dose.
Consequently, the sponsor proposes that dronedarone be contraindicated in pregnant
women. This is appropriate.

Other issues:
Amiodarone, which is pharmacologically and structurally related to droned arone, can
produce perturbed thyroid function. While the absence of iodine in the dronedarone
structure might be expected to produce fewer thyroid effects than amiodarone, some
alterations in thyroid hormones were observed in some of the toxicology studies.
However, these changes were not pai1icularly profound arid appeared to be much less in
magnitude than those produced by amiodarone in a rat study in which the two compounds
were compared. Thyroid hormones were monitored in clinical studies so a more
definitive assessment would be provided fi'om the clinical data.

The reviewer notes that the applicant did not submit complete receptor binding studies
for the parent drug and main metabolites. The sponsor did provide some information on
binding to dopaminergic receptors and referred to literature infOl1nation indicating



inhibition of the thyroid hormone receptor-al. This was in addition to studies associated
with the possible primary pharmacology of dronedarone at sodium, potassium and
calcium channels and activity at aI, ß 1 and ß2 adrenergic receptors. While it is true that
large receptor screens are often conducted early in drug development, it is not clear that
this information would be particularly useful at this stage when other studies that would
identify any secondary pharmacology of concern have already been completed. ¡fthe
sponsor was attempting to describe a particular mechanism for one of the observations
based on some unexpected receptor interaction then perhaps targeted studies of such an
interaction would be informative. It does not appear that fuiiher general receptor binding
data would be necessary at this point to support approval of the drug.

Conclusions:
I concur with the Division pharm/tox conc1usion that the nonc1inical data support
approval of this NDA. I do not think additional nonc1inical studies are needed.
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EXECUTIVE SUMMARY

Background

Dronedarone is a benzofuran derivative structurally similar to amiodarone and
demonstrating electrophysiologic characteristics of all 4 Vaughan-Wiliams classes of
anti-arrhythmic compounds. Dronedarone was originally presented in NDA 21913 for
treatment of atrial fibrilation (AF) or atrial flutter (AFL).

The Division issued a "non-approvable" letter for NDA 21913, for both clinical and non-
clinical reasons. The clinical reasons for non-approval included an unfavorable risk:
benefit relationship. The potential symptomatic improvement offered by the drug was
also weighed against the nonclinical issues of carcinogenicity, teratogenicity, and
endocrine effects (thyroid gland and female cyclicity). The complete response to these
concerns was fied under NDA 22425 with a new indication of treating patients with
AF / AFL or with a history of such events to reduce the risk of cardiovascular

hospitalization or death. The proposed dose is 400 mg twice a day.

Summary of Non-Clinical Concerns

Endocrine Effects

Thyroid effects: Because of dronedarone's similarity to amiodarone, thyroid hormone
levels were measured in several toxicology studies. There were changes in circulating
hormone levels, sometimes statistically significant, in both rats and dogs. Thyroid
tumors were not seen in the carcinogenicity study. The findings were discussed in detail
in the review for NDA 21913.

Reproductive toxicology: The sponsor and I agree that the drug is teratogenic. This is a
labeling issue. Another issue was the apparent effect on female cyclicity. This was
manifested in a number of toxicology studies in which the drug-treated females were
paused in diestrus. Other studies showed an increase in the frequency of irregular cycles
and lack of cycles. Ovarian and uterine weights were affected in several studies. These
findings were discussed in detail in the review for NDA 21913.

No non-clinical material was submitted to address the endocrine issues. According to the
Clinical Safety Summary, the sponsor gathered clinical data to assess thyroid hormone
effects of dronedarone. This data is in the clinical section of this submission and wil be
addressed by the medical officer.
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Carcinogenicity

The Exec CAC considered the following findings to be drug-related: histiocytic sarcoma
in male mice, mammary adenocarcinomas in female mice and hemangiomas in male rats.
The minutes of the Executive CAC meeting are on fie under IN 49484.

The sponsor's Clinical Safety Summary for NDA 22425 contains the following
comments on the carcinogenicity studies:

. A slight increased incidence of adenocarcinoma was observed in the mammary gland of

female mice, at the highest dose only, with no effect in male mice or in rats of either sex. The
slightly raised incidence is associated with a modest increase in prolactinemia, explaining the
small mammary gland response. In addition, the tumors themselves are those classically noted
for the mouse, and are histologically different from those in humans. This mechanism of
tumors is acknowledged to be specific to rodents with no relevance to humans.

. A slight increase in histiocytic sarcoma was observed in mice at the highest dose level, but not

in rats of either sex. The low incidence lies within historical values of the National Toxicology
Program, and there was no increase in the frequency of other lymphoreticular tumors in both
carcinogenicity studies. In addition, no analogous tumor is known to occur in man.

. Dronedarone induced an increased incidence of benign vasoproliferative lesions in the
mesenteric lymph nodes in rats and female mice, at the highest dose only. In the literature,
venous or lymphatic obstruction is known to lead to vascular transfonnation oflymph nodes.
Dronedarone has been shown to accumulate preferentially in the mesenteric lymph nodes and
to induce locally accumulation of foamy macrophages in rats, a species particularly
susceptible to this tye of effect. The physical presence of foamy macrophages in the
mesenteric lymph nodes could be suffcient to alter local blood flow and thus induce vascular
lesions. Hemangiomas are not precancerous changes and do not transfonii into malignant
hemangiosarcomas in either animals or man. Both lesions are extremely rare in humans at the
level of lymph nodes. Overall, the proliferative vascular changes seen in the rat are considered
to be reactive-proliferative, rare in occurrence and innocuous, therefore not relevant for man.

To support their assertion of a lack of clinical significance of the carcinogenicity

findings, the sponsor submitted two studies measuring circulating prolactin levels in mice
following dronedarone administration, an immunohistochemistry study to show
differences in blood flow to mesenteric lymph nodes (for reasons noted in the sponsor's
statement above) and an autoradiography study that focused on the amount of drug-
associated radioactivity found in lymph nodes.

Neither study designed to demonstrate altered blood flow supported that hypothesis. It
was reported that the tumor incidences seen in the dronedarone studies were within the
background range of the NTP studies reported in Haseman et aL. The referenced
publication is Haseman et aL. "Use of dual control groups to estimate false positive rates
in laboratory animal carcinogenicity studies." Fundamental and applied Toxicology: 573-
584 (1986). There is a question of the relevance of the Charles River SD rats and CD-l
mice used in the historical studies to the SD(IOPS Caw) rats (different strain) and the
CD-l mice (genetic drift from time and geography) used almost 20 years later. Slightly
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more recent databases from Charles River do indicate that that the incidences of
hemangioma, hemangiosarcoma and histiocytic sarcoma in the dronedarone studies were
within historical control.ranges albeit for SD rats.

Increased prolactin was hypothesized to be the cause of the mammary tumors reported in
the mice and presented as a mechanism irrelevant to humans. The sponsor showed
increases in serum prolactin levels in the mice that persist for at least 28 days. The total
duration of elevated prolactin is not clear. Antipsychotic drugs that increase prolactin in
rodents via binding to the D2 dopaminergic receptor have also been shown to increase
prolactin in humans.

The sponsor has shown only modest binding (IC50::10 i.M) of dronedarone to the D2
dopaminergic receptor. No information was provided for receptor binding of the major
metabolites.

The sponsor did not demonstrate in the non-clinical section of the submission that
prolactin does not increase in humans treated with dronedarone.

The current published clinical literature has numerous articles discussing epidemiologic
and other data that support increased prolactin as a factor involved in carcinogenesis. The
sponsor's proposed mechanism for the mammary tumors can't be dismissed out of hand
as irrelevant to human health.

The questions of alteration of thyroid homeostasis and effects on female cyclicity were
reported to have been addressed clinically and as such wil be evaluated by the medical
offcer.

5



Reviewer:E.A. Hausner, D.V.M. NDA No.22425

Recommendations

A. Recommendation on approvabilty: From a non-clinical view, the drug could
be approved despite the lack of data to support the carcinogenicity findings as
not clinically importnt. This depends upon the evaluation of the risk: benefit
relationship in view of the new indication.

B. Recommendations for additional nonclinical studies: 1) receptor binding
studies for the parent drug and main metabolites, and 2) data to show that the
tumors are not clinically relevant, although this may not necessarily be non-
clinical data.

e. Recommendations on labeling

Under "NONCLINCAL TOXICOLOGY, Carcinogenesis, Mutagenesis,
Impairment of Fertilty,"

the statement:
"In 2 year-oral carcinogenicity studies, the highest dronedarone dose

administered for 24 months was 70 mg/kg/day in rat and 300 mg/kg/day in
mice.
Observations were increased incidence of mammary gland tumors in
female mice, histiocytic sarcomas in mice and hemangiomas at the
mesenteric lymph node level in rats, all at the highest tested dose only
(corresponding to an exposure of 5 to 10 times that of the human
therapeutic dose). Hemangiomas are not precancerous changes and do not
transform into malignant hemangiosarcomas in either animals or man.
None of these observations was considered relevant for humans."

should be replaced with:
"In studies in which dronedarone was administered to rats and mice for up
to 2 years at doses of up to 70 mg/kg/day and 300 mg/kg/day,

respectively, there was an increased incidence of histiocytic sarcomas in
droned arone-treated male mice (300 mg/kg/day or 5X MRD based on
AUe comparisons), mammary adenocarcinomas in dronedarone-treated
female mice (300 mg/kg/day or 8X MRD based on Aue comparisons)
and hemangiomas in dronedarone-treated male rats (70 mg/kg/day or 5X
MRD based on Aue comparisons)."

6
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The statement:
"Dronedarone had no genotoxic effects, based on one in vivo

micronucleus test in mice and four in vitro tests: the Ames test with or
without metabolic activation, a DNA repair test on rat hepatocytes, a gene
mutation assay on hamster fibroblasts and a cytogenetic study of human
lymphocytes."

should be replaced with:
"Dronedarone did not demonstrate genotoxic potential in the in vivo
mouse micronucleus test, the Ames bacterial mutation assay, the
unscheduled DNA synthesis assay, the HPRT gene mutation assay in
Chinese Hamster V79 fibroblasts and an in vitro chromosomal aberration
assay in human lymphocytes."

The statement :
"Dronedarone was not shown to alter fertility in animal studies up to 1 00
mg/kg/ day"

should be replaced with:
" In fertilty studies conducted with female rats, Dronedarone given prior
to breeding and implantation caused an increase in irregular estrus cycles
and cessation of cycling at doses ~10mg/kg (equivalent to 0.12X the
MR on a mg/m2 basis)." Corpora lutea, implantations and live fetuses
were decreased at 100 mg/kg (equivalent to I.2X the MRHD on a mg/m2
basis). There were no reported effects on mating béhavior or fertilty of
male rats at doses of up to 100 mg/g/day.

Under "Pregnancy,"
the paragraph that reads:

"MU TAQ can cause fetal harm when administered to pregnant women.
In rats, dronedarone caused marked effects on embryo-fetal development
at 100 mg/kg/day such as increased post-implantation losses, reduced fetal
and placental weights and various external, visceral and skeletal
malformations in most fetuses. At lower dosages, up to 50 mg/kg/day
(corresponding to 4.5 times the recommended human therapeutic dose),
dronedarone had no effects on the litters (with the exception of a transient
minor effect on the bodyweight gain of the pups from Dl to D4 post-
partm). Dronedarone had no adverse effects on the mothers and their
litters up to 30 mg/kg/day. In rabbits, the high dose level (200 mg/kg/day,
equivalent to 5X the MRH on a mg/m2 basis) did not induce any effects
to fetuses."
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Should be modified to read as follows:
"Dronedarone was teratogenic in rats given oral doses ;;80 mg/kg (a dose
equivalent to the maximum recommended human dose on a mg/m2 basis),
with fetuses showing external, visceral and skeletal malformations
(cranioschisis, cleft palate, incomplete evagination of pineal body,
brachygnathia, partially fused carotid arteries, truncus arteriosus, abnormal
lobation of the liver, partially duplicated inferior vena cava,

brachydactyly, ectrodactylia, syndactylia, anterior and/or posterior club
feet). In rabbits, dronedarone caused an increase in skeletal abnormalities
(anomalous ribcage and vertebrae, pelvic assymetry) at doses ~20 mg/k~
(the lowest dose tested and approximately half the MR on a mg/m
basis).

The section 13.2 Animal Toxicology and/or Pharmacology is unnecessary and should
be removed.
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PHARMACOLOGYffOXICOLOGY REVIEW

NDA number: 22425
Sponsor: Sanofi-Synthelabo

Agent: NA
Submission Type: complete response to non-approvable letter
Date of Submission: June 27, 2008

CDER Stamp Date: electronic submission

Reviewer: Elizabeth Hausner, D.V.M.
Division: Division ofCardio-Renal Drug Products

HFD #: 110
Review Completion Date: December 9,2008

Drug:
Trade name: Multac(l
Generic name: dronedarone
Code name: SR33589B
Chemical name:N-p- butyl- 3-( 4-( 3- dibutylaminopropoxy) benzoyl)
benzofuran- 5- yllmethanesulfonamide, hydrochloride.
CAS registry number: 141626-36-0
Molecular formula/molecular weight: C3IHi4N20sS,HCl/ 593.2
Structure:

CH3S02HN

(CH2)3CH3

(CH2hCH3

O(CH2)3N(

(CH2)3CH3

,HC!

Pharmacologic Class: antiarrhythmic

Related INsINAs/DMFs: Sanofi- Winthrop IND 49484
Sanofi-Synthelabo NDA 21913

Intended Clinical Population: patients with atrial fibrilation or atrial flutter for the
reduction ofthe risk of cardiovascular hospitalization or death (new indication)

Clinical Formulation: 400 mg of dronedarone base with inactive ingredients of
hypromellose, starch, crospovidone, poloxamer 407, lactose monohydrate, colloidal
silicon dioxide, magnesium stearate

Route of Administration: oral
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Prolactin Assay After a Single Oral Administration to Mice

Report number: DIV1142
Study location: Sanofi-A ventis Recherche and Developpement, Montpeller Cedex,

France
GLP: statement included
QA: yes
Study dates: in-life started September 12,2007
Test article: SR33589B, batch number CL-05754, purity 99.9% by HPLC

The chemical analysis form lists the potency of active drug as 93.42%
A conversion factor of 1.066 was used to correct for the salt form.

Animals: female mice, CD-l (ICR), 6-8 weeks of age at initiation of dosing

SR33589B was orally administered as a suspension in 0.6% methylcellulose aqueous
solution to 20 female mice in a single gavage dose of 300 mg/kg/day, the high dose used
in the mouse carcinogenicity study. A control group of females received the vehicle of
methylcellulose (0.6% aqueous solution). For 9 days prior to the study the animals were
habituated to gavage dosing (with water) and being placed in the anesthesia box.

Un-fasted animals were anesthetized with inhalant isof1urane, approximately 2 hours
after drug administration (based on the Tmax in mice occurring at 2 hours). The blood
was collected, the serum frozen and sent to Anilytics, Inc., Gaithersburg, MD. Animals
were euthanized immediately after blood collection. The prolactin was measured by a
radio-immunoassay (RIA) method. Prolactin concentrations in the test samples were
determined from a standard curve generated under the same conditions. It was reported
to be a species specific assay but no validation material was presented or referenced. No
information was provided regarding the standard curve or the variability of the analysis
itself.

Observations

. Mortality: twice a day and only once on the day of termination

. Clinical signs: at least once on day of dosing

. Serum prolactin levels at time of euthanasia.

10
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Results

There was no unscheduled mortality. No clinical signs were reported.

There was a difference in the mean and median values for the control and treated groups
that was significant at p':O.OOI by the exact two-sided Wilcoxon test.

Dose (mg/kg)

o

300

Table 1 . Descriptive statistics

Analysis Variable: Prolactin (NgfmL)

N Obs Mean Median
20 52.78 37.66
20 211.10 195.07

Std Dev

42.93

69.22

Because hormonal assays are subject to profound variability, I have included in this
section a copy of the sponsor's box plot of the results as well as the numerical

description.

400
n=20 n=20

300

:J
~z
C 200
:e"
~

+

09

100

~
o

o 300

Dose (mgJg)

Figure 1 . Boxplots of the Prolactin per group

The means (+) are greater than the medians for both groups, that indicates a dissymmetry in the
distributions. There is also an animal (n09) that obtains a high value (177 Ng/mL) compared to its
group results.

11



Reviewer:E.A. Hausner, D.V.M. NDA No.22425

Prolactin Assay After a 28-day Oral Administration to Mice

Report number: DIV1123
Study location: Sanofi-Aventis Recherche and Developpement, Montpeller Cedex,

France
GLP: statement included
QA: yes
Study dates: study started September 5, 2007
Test article: SR33589B, batch number CL-05754, purity 99.9% by HPLC

The chemical analysis form lists the potency of active drug as 93.42% and
a "purity correction" of 93.80 is listed. A conversion factor of 1.066 was
used to correct for the salt form.

Animals: female mice, CD-l (ICR), 6-8 weeks of age at initiation of dosing

SR33589B was orally administered as a suspension in 0.6% methylcellulose aqueous
solution to 20 female mice at 300 mg/kg/day for 28 days. A control group of females
(n=20) received the vehicle. Two hours after the administration on day 28, the animals
were anesthetized, blood collected for serum analysis and the mice euthanized. The 300
mg/kg dose was chosen as it was the high dose of the mouse carcinogenicity study.

The sponsor also detailed procedures to minimize stress on the animals:

Note: For the last i 0 days of treatment, to minimize stress on
the actual day of blood sampling, mice of both groups were
daily administered with distiled water (0.25 mL) and placed
in the anesthesia box for approximately 2 minutes for
habituation.

It is unclear to me why the animals were gavaged with water as they already had at least
18 days of experience with daily gavage. The sponsor did not describe what steps were
taken to minimize circadian/diurnal variation in the hormone assays.

Observations
. Mortality: twice daily and once on day of termination

. Signs: at least once a day

. Body weight: pre-study, then weekly

. Prolactin: Day 28, approximately 2 hours after drug administration, the mice were

anesthetized with inhalant isof1urane. Blood was collected and frozen. The frozen
samples were sent to Anilytics, Gaithersburg, MD. The serum was analyzed for
prolactin using a radio-immunoassay (RIA). It was reported to be a species

specific assay but no validation material was presented or referenced.
. Necropsy: Necropsy was performed only for mice found dead or euthanized

moribund.
This was reported to include macroscopic examination, preservation of grossly
abnormal tissues and limited histological evaluation. The tissues collected are
listed below.

12



Reviewer:E.A. Hausner, D.V.M. NDA NO.22425

Liver

Spleen

Gallbladder

Kidneys

Adrenal glands

Thymus

Heart

Lungs

Ovaries/Oviducts

Organ and tissues taken

Uterine homs/CervlxNagina

Esophagus

Stomach (non glandular)

Stomach (glandular)

Duodenum

Jejunum

Colon

Brain

Rectum (36F only)

Results

There was no unscheduled mortality in the control group. Two females from the treated
group died prior to euthanasia. Female 28F showed signs of hunched posture on day 7 as
well as 20% weight loss compared to her pre-study value. She appeared weak, cold to the
touch and was recumbent by day 8. She was euthanized Day 8. According to the text,
there were no significant gross lesions and the microscopic lesions suggested acute to
chronic stress and under-nutrition. Histologic changes to support that were reported for
the spleen, adrenals, thymus, brown fat and pancreas. There was more detail regarding
the histologic findings in the appendices of the report. Something not mentioned in the
main text was the presence of cardiac degeneration. The sponsor felt that the cause of
death could not be determined. The other female, 36F, was found dead on day 17
without any premonitory signs reported. It was also reported that there were minimal
gross or histologic changes which did not explain the cause of death. The appendix
reported necrotizing pneumonia for female #36, also not mentioned in the main text. It
was reported that the remaining animals did not display any clinical signs.

There were statistically significant differences in the rate of weight gain in the treated
animals.

Prolactin assay after a 28 -day oral administration to mice

Summary of Body Weight Changes

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Sex = FEMALE- - - - - - - - - - - - - - - - - - - - - - - --

Dose Day Day Day Day
mg/kg/d (-1) -1 (-1)-14 (-1)-21 (-1)-27

Group 1 MEAN 0.68 0.61 1.23 1.57
0 STD 1.22 1.34 1. 75 2.03

N 20 20 20 20

Group 2 MEAN 1. 35 NS 1. 85 * 3.10 * 2.88 *
300 STD 2.15 1.60 1. 58 1.38

N 20 19 18 18
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There was a statistically significant difference between the treated and control group
median prolactin levels (Exact two-sided Wilcoxon p 0:0.001).

Dose (mg/kg)

o

300

Prolactin level (ng/mL)

Nabs Mean
20 81.13
18 19~61

Median

68.46

193.49

'Std Dev

60.29

64.64

The box and whisker plot is also shown for clarity.

300
nii20 ".18

250 08
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Figure 1 . Boxplots of the Prolactin per group

In control grup, the mean (+) is greater ihan the median, iliat indicates a dissymmetry in the
distributions. There are also two animals (nog and nOlO) that obtain high values (respectively
245.76 Ng/mL and 210.48 Ng/mL) compared 10 ilieir group resulis.

Study of the Potential Alteration of Blood Flow in Mesenteric Lymph Nodes after
Repeated Oral Administrations of SR33589B to Female Sprague-Dawley Rats.

Study number: 070164
Report number: DIV1124
Study location: Oncodesign, Dijon Cedex, France
Study dates: initiated November 15,2007
GLP: statement not found
QA:no
Test article: SR33589B batch CL-07444, purity 94.53%

Diltiazem batch 7Y05431, purity 99.8%
Vehicle: 0.6% aqueous methylcellulose solution
Animals: female Sprague-Dawley rats
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The purpose of this study was to analyze the possible alteration of blood or lymph flow in
mesenteric lymph nodes induced by repeated oral administration of dronedarone to
female SD rats. Diltiazem was used "as a vasodilator that would potentially produce
changes in the blood supply to the mesenteric lymph nodes."

Sixty healthy female SD rats were assigned to 3 groups of 20 rats according to body
weight. The treatment schedules were:

. Group 1: 20 rats received 1 daily oral administration of vehicle for 28 consecutive
days

. Group 2: 20 rats received 1 daily oral administration of SR33589B at 100

mg/kg/day for 28 days
. Group 3: 20 rats received 1 daily oral administration of diltiazem at 100

mg/kg/day for 28 days

Blood volume in mesenteric lymph nodes was studied by detecting a hydrophilic dye
(Patent Blue V) using HPLC/u analysis. The change in quantity of Patent Blue V in
mesenteric lymph nodes could reflect a change in blood volume in the lymph nodes.

Functionality and permeability of the lymph node blood vessels was determined with two
dyes: Hoescht and dextran-FITC (fluorescein isothiocyanate linked to a specified size of
dextran).

Density of vessels was evaluated by detecting the RecA-l antigen expressed on rat
endothelial cells by immunohistochemical methods. Detection of CD68 antigen (a
glycosylated protein expressed mostly on macrophages) was used to determine
macrophage infitration in lymph nodes.

The study design is summarized in the sponsor's table below.

Number of rats included in the
assessment of mesenteric lymph

No. Test Treatment
Adm.

Volume of nodes functionality
Group dose administration ....._._...._._~;,...._....._;-_.._..;-""-..-.-.-..~

rats substance route
(mglkg/day) (mL/kg) Patent Blue V

RecA-I and CD68
level

determination immunodetection

I 20 Vehicle - PO 5 10 10

2 20 SR33589B 100 PO 5 9 9

3 20 diltiazem 100 PO 5 9 9
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The rats were anesthetized, the mesenteric lymph nodes exteriorized and Patent Blue V
was injected into the tail vein. Determination of Patent Blue V uptake was done by
extracting the dye from the lymph nodes and assessing by HPLC/u methods using an
internal standard (tartazine).

The other designated rats were anesthetized, the mesenteric lymph nodes exteriorized and
the rats given iV boluses of Hoecsht dye followed 30 seconds later by Dextran-FITC.
The lymph nodes for each animal were embedded in the same block for analysis. For
each block (each animal), 3 slides were prepared. Each set of 3 slides was analyzed as
summarized by the sponsor below:

Section Marker Evaluation Technique

Blood perfusion and vessels

i
Hoechst dye / penneabilty (5) / Fluorescence: blue /

Dextran-FITC dye Effective vascular volume and Fluorescence: green
functional vessels (6)

2 RecA-l Vessel density Immunohistochemistiy

3 CD68 Macrophages detection Immunohistochemistry

Vessel permeability andfunctionalityassessment: pictures of the lymph nodes were taken
with a fluorescence microscope. The images were converted to a binary black and white
image followed by objective quantification with a computer program.

Vessel density determination by immunohistochemistr: RecA-l detection
Immunohistochemical (IRC) procedures were followed. For each section, a single area
was analyzed (semi-quantitative analysis). One representative pictures was taken for each
rat.

Macrophage infiltration detection by immunohistochemistry: CD68 detection
Standard IHC techniques were used. For each section, a single area was analyzed ( semi-
quantitative analysis). One representative picture was taken per rat.

16



Reviewer:E.A. Hausner, D.V.M. NDA No.22425

Analysis of RecA-l and CD-68 immunodetection: Blindly analyzed by a consultant
pathologist for Oncodesign

A grade (semi-quantitative analysis) was determined for each slide using the following scale:

- 0: no staining.

- i: low staining.

- 2: low to intermediate staining.

- 3: intermediate staining.

- 4: strong staining.

- 5: very strong staining.

For each group the mean grade was calculated.

For the detection of vessels in mesenteric lymph nodes, the percentage of post-capilary veins was
also determined.

For the detection of macrophages in mesenteric lymph nodes. a grade was determined for the
cortical and tòr the medullary zones.

Other Observations

Moribundity, clinical signs and behaviour: each day
Body weights: twice a week
Necropsy: gross examination of heart, lungs, liver, spleen, kidneys and gastro-intestinal
tract.

Results

Signs and Mortality

Two rats treated with SR33589B were found dead, one on Day 4 and the other on Day25.
Two rats treated with diltiazem were found dead on Day 5 and day 6. The only
significant necropsy findings reported for these animals were liquid in the lungs. The
sponsor felt that the deaths were due to gavage accidents rather than directly due to test
articles. No treatment related macroscopic changes were reported for any of the

examined organs.
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Body weight

All of the treatment groups showed mean weight gains. The rats treated with ditiazem
showed the greatest rate of gain followed by the control group. Animals treated with
SR33589B showed the lowest mean body weight gains.
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Time (days)

-Vehicle
- SR33589B (100 mg/kg/day)

- Diltazem (100 mg/kg/day)

fB d W' h G .eviewer s ummaryo oiy eigr t ams
Day vehicle .. SR33589B Diltiazem

..... ..... . .. . . 100 mg/g/dav 100 mg/g/dav.
0 .213.4+11.5 211.6+9.9 213.7+9.4
12 245.2+15.4 231.5:t6.2 249.7+10.8
28 265.7+15.8 243.1+22.8 279.1+13.4

~day28-dayO 52.3 31. (-40%) 65.4(+25%)
Numbers in parentheses are percent difference from control
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Patent Blue V (HPLC-UVanalysis)

The mean Patent Blue V quantity in mesenteric lymph nodes in rats treated with
dronedarone and diltiazem was not statistically different from rats receiving the vehicle.

Hoecsht dye (perfusion)

There was no significant difference in the fluorescence detected in the analyzed areas of
the mesenteric lymph nodes.
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Dextran-FITC (''fnctionality'')

There is a slight decrease in mean fluorescence for the diltiazem group but there are no
significant differences between the different treatment groups.
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The Hoecsht and Dextran-FITC results are consistent with each other, indicating that
dronedarone had no influence on the functionality and permeability of the blood vessels.

RecA-l: vessel density

There was no significant difference in percentage of post-capilary veins between
treatment groups.

3.l:l.

ade determined for vessel densi
SR33589B

100m da
3.3:t0.5

assessment in mesenteric i m h nodes
Diliazem

100m da
2.7:t0.7

Individual and mean:SD
vehicle

CD68: macrophage infiltration

The sponsor presented mean:!SD grade determined for the assessment of macrophage

infitration in the medullary zone of mesenteric lymph nodes. There was no significant
difference reported for the treatment groups.

Diliazem
100m da

3.6:t0.53.6:t0.6

The results for the cortical zones also showed no differences.

DiltIazem
100.m da

2.8:tl.

The study was adequate and indicates that under the conditions of the study dronedarone
had no detectable influence on permeabilty and functionality of vessels in mesenteric
lymph nodes of female Sprague-Dawley rats. The study did not support the hypothesis of
altered blood flow to the lymph nodes promoting carcinogenic changes.
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Bacterial Reverse Mutation Test of Dronedarone Impurity on Salmonella
Typhimurium (Ames test)

Study location: Sanofi-Synthelabo, Porchevile, France
Study number: FSRFU-HIS1692-EN-EO1
Report Number: his1692
Study dates: experiment started July 20, 2005
GLP: statement included
QA: yes
Test article: SR 194090 (a dronedarone impurity), batch A-CRS-050018, purity 98.45%
Vehicle: DMSO
Note: either the vehicle was contaminated or there was column carrover.

Control of stock solutions In the first and second tests for each dose level tested the stock solution in
the DMSO was analyze and found acceptable. In solvent control a
presence of peak corresponding to retention time of S R 194090 estimated at
about 0.8 pg/mL to 0.2 pg/ was noted. This does not jeopardize the

scientific value of this study.

Concentrations tested:

Preliminary cytoxicity test (TA98 and TAlOO), plate incorporation test:
0, 50, 125, 250, 1250, 2500, 5000 i-g/plate :tS9 mix

Mutagenicity test (TA98, TAlOO, TAI02, TA1535, TAI537), plate
incorporation and pre-incubation methods:

0, 50, 125,250, 500, 1250,2500,5000 i-g/plate :tS9 mix

Treatment duration was 48-72 hours.

S9 mix: prepared from the livers of male Sprague-Dawley rats treated with Aroclor 1254

(Moltox, Inc).

Positive controls:
Without S9: sodium azide (Na azide), 2-nitrofluorene, 9-aminoacridine,

Mitomycin C
With S9: 2-aminoanthracene

Number of plates/concentration/test: 1 (dose-range finding cytotoxicity test),
3(mutagenicity tests)

Number of independent mutagenicity tests: 2( one plate incorporation and one pre-
Incubation) for all strains
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In the dose-range finding study, precipitates were observed for both tester strains without
S9 at concentrations ~2500 Ilg/plate. Precipitation was reported for TAI02 at
concentrations ~500 Ilg/plate both with and without S9 mix.

The sponsor provided criteria by which the acceptability of the assay was assessed and
the criteria for a positive response.

Criteria for positive response:

- if, for at least one dose level, the induction factor is grater than 2 with the strin
TA98, TAlOO and TAI02, and greater than 3 with the strai TA1535 and TA1537
(6).
and the increase in the nmnber of reveitan is dose-related or observed at the highest
dose lev-el.
and the values are out of the range of the historical negative control data.
and the response is reproducible using the same experimental conditions.

4.6 Data acceptance cdtelÎa

- Mean number of revertants in negative conti"Ols has to be within the range of
historical contiul values,

- Positive contrls have to induce a marked increase in the number of revertant

colonies for all strais, thel'efore confimùig the sensitivity of the sti'3s and the
activity of S9-iIlx (AA),

- At least three non-cyttoxic close levels.

- At least five analysable dose levels.

The positive controls produced appropriate responses. Under the conditions of the assay
there were no positive responses to the test article in the bacterial strains tested. The
presence of test article in the vehicle control cast some doubts about the adequacy of the
study although the sponsor does not feel that the integrity of the data was compromised.

For the solvent conti'ol a presence of peak cOITesponding to retention time of SRI 94090
estimated at about 0.8 flg/mL to 0.2 flg/inL was noted. Possibly due to a technical f-ailure,
the orgin of t1is presence sti unclear but this does not jeopardize the scientific value of

tlús study (see deviation in section (4.11)).

The range of historical controls was provided. Some of the present control results are
slightly high compared to the mean values for the historical controls but are for the most
part within the historical ranges.
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In Vitro Gene Mutation Test of Dronedarone Impurity at the Locus TK in Mouse
Lymphoma L5178Y Cells

Study location: Sanofi-Synthelabo, Porchevile, France
Study number: FSRFU-LYMOI93-EN-EOI
Report number: L YMO 193
Study date: July 19,2005
GLP: statement included
QA: yes
Test article: SR194090, an impurity of dronedarone, batch A-CRS-0500 18,
Vehicle: DMSO. Analysis did not reveal test article in the vehicle.

Concentrations tested (J.g/ml)
Dose-rallgeTindihgc'i' otoxiCitv test. . ....
-S9 ( 3 hour exposure
+S9 (3 hour exposure.
-S9 (24 hour exposure)
Firsttest
-S9 (3 hour exposure)
+S9 (3 hour exposure)
Secon.d test .... .'. ....
-S9 (24 hour exposure)
COIlòlementarassavs
-S9 (3 hour exposure)
+S9 (3 hour exposure)

5-10-25-50-75-100-150
5- 10-25-50-75- 100-150
0.01,0.05,0.1,0.5, 1,2.5,5

.

.

5, 10, 12.5, 15, 17.5,20
25, 50, 55, 60, 65, 70.... ........ ..... ... ....i
0.5, 1,2,2.5,3,4

'.:'.....././,..',.i",.),"...... ',".,".

1,2.5,5, 7.5, 10, 12.5, 15

25, 30, 40, 50, 55, 60, 65, 70, 75, 80, 85

, "'".

Positive controls: -S9 methylmethane sulfonate (MMS)
+S9 Cyclophosphamide (CP)

Number of cultures/concentrations 1: dose-range finding cytotoxicity test
2: mutagenicity tests

Number of independent assays: -S9 (3 hour exposure) : 2
+S9 (3-hour exposure) : 2
-S9 (24 hour exposure) : 1

Precipitation was seen at concentrations ~150 Ilg/ml.

There were blips in the mutation frequency at the concentrations where relative total
growth was decreased to appropriate levels. However, dose-responses were not apparent
and significant increases were not apparent except under one set of conditions (second
assay of24 hours, -S9, shown below). There were several small increases in small colony
count. The lack of consistent signals is suggestive that the findings are random
occurrences rather than indications of genotoxicity. The results are shown below.
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